Most experiments were performed using standard Schlenk techniques. Solvents were freshly distilled under argon from sodium / benzophenone (THF) or from phosphorus pentoxide (CH 2 Cl 2 = DCM). Starting materials were purchased from Aldrich. Column chromatography purifications were performed in air over silica gel (Merck Geduran 60,. Irradiation reactions were conducted using a Heraeus TQ 700 mercury vapor lamp. NMR spectra were recorded at room temperature on a Bruker AV III 400 MHz spectrometer equipped with a tunable BBFO probe, or a Bruker Av III HD 500 MHz fitted with a tunable BBO probe (Biosit platform -Université de Rennes 1).
1-Methylimidazole (62 µL; 0.78 mmol) was mixed with 2-(bromomethyl)benzo[c]phenanthrene 1a 1 (400 mg; 1.25 mmol; 1.2 eq) in acetone (1 mL). The mixture was refluxed overnight. After removal of acetone under reduced pressure, the obtained solid was washed with ethyl acetate to afford the desired compound 2a as a beige solid (225 mg; 71%; very hygroscopic). 1 
2-(1-Methylene-3-methyl-imidazolium)[6]helicene bromide salt 2b
1-Methylimidazole (38 µL; 0,48 mmol) was mixed with 2-bromomethylene [6] helicene 1b (204 mg; 0.48 mmol) in acetone (1 mL). The mixture was refluxed overnight. After removal of acetone under reduced pressure, the solid was washed with ethyl acetate to afford the desired compound 2b as a beige solid (161 mg; 66%). 1 
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Racemic iridium(III) complex (±)-3b
A mixture of [Cp*IrCl 2 ] 2 (122 mg; 0.153 mmol; 0.5 eq), imidazolium salt 2b (154 mg; 0.306 mmol), and NaOAc (38 mg; 0.463 mmol; 1.5 eq) in acetonitrile was refluxed overnight. The solution was filtered over Celite, the solvent was evaporated, and the crude solid was purified by column chromatography on silica gel using pure ethyl acetate. A mixture of chlorido and bromo complexes was obtained as evidenced by mass spectrometry (ESI MS: calculated for [M] . X-ray crystallographic data:
Figure S1. ORTEP diagrams with ellipsoids at 50% probability of racemic 3a,b and enantiopure (P,S Ir )-3a. Analytical chiral HPLC separation for complex 3a:
The sample is dissolved in dichloromethane, injected on the chiral column, and detected with a and circular dichroism detector at 254 nm. The flow-rate is 1 ml/min. 
Mobile
Analytical chiral HPLC separation for complex 3b:
The sample is dissolved in dichloromethane, injected on the chiral column, and detected with an UV detector at 290 nm and circular dichroism detector at 254 nm. The flow-rate is 1 ml/min. Semi-preparative separation for compound 3b:
Column
• Sample preparation: about 80 mg of compound 3b is dissolved in 40 mL of dichloromethane.
• Chromatographic conditions: Chiralpak IE (250 x 10 mm), heptane / ethanol / dichloromethane (50/30/20) as mobile phase, flow-rate = 5 mL/min, UV detection at 254 nm.
• Injections (stacked): 400 times 100 µL, every 6 minutes.
• Collection: the first eluted enantiomer is collected between 6.2 and 7.5 minutes and the second one between 8.6 and 9.5 minutes.
• First fraction: 22 mg of the first eluted ((-, CD254)-enantiomer) with ee > 96% • Second fraction: 16 mg of the second eluted ((+, CD254)-enantiomer) with ee > 99% • Chromatograms of the collected fractions (the minor optically active peaks do not correspond to 3b diastereomers but to residual chlorinated complex (4b)IrClCp*).
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and 3b.
-10 -5 M). Figure S9 . 13 
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Computational details:
Kohn-Sham density functional theory (DFT) and time-dependent DFT calculations were performed using the Turbomole package, version 6.6, 4, 5, 6 and -where specifically stated -with the Gaussian 09 program (G09). 7 In all calculations a split-valence basis set with one set of polarization functions for non-hydrogen atoms, abbreviated as SV(P), was used. 8 The former, LC-PBE, affords 0% of eX in the short-range limit, while the latter, LC-PBE0, affords 25%. In both cases an error-function separation with a range-separation parameter γ of 0.30 a 0 -1 -typically used in global parametrizations of LC functionals -was employed. The subset of computations with LC functionals was performed using G09.
All ECD calculations covered the 120 lowest singlet excited states (S1 to S120) for each system. The simulated spectra shown are the sums of Gaussian functions centered at the vertical excitation energies and scaled using the calculated rotatory strengths, with a parameter of σ = 0.2 eV applied for the root mean square width. 29 The optical rotation parameters were computed at the sodium line wavelength λ = 589.3 nm.
The calculations were performed for Ir-based NHC-helicene derivatives (P,S Ir )-and (P,R Ir )-3a, and (P,S Ir )-and (P,R Ir )-3b, and for the corresponding parent NHC-helicene P-4b. Chiroptical properties of (P,R Ir )-3a are analyzed with the sign opposite that of the ones calculated to match data for its optical antipode ((M,S Ir )-3a).
Additional calculated data: Comparison of the simulated ECD spectra of the Ir-based NHC-helicene complex (red line) along with the corresponding Boltzmann-averaged spectrum for S Ir shift has been applied. Calculated excitation energies and rotatory strengths indicated as 'stick' spectra. Numbered excitations correspond to those analyzed in detail.
S21 helicene complexes (P,S Ir )-3a (blue line)
Ir -3a (black line). No spectral 'stick' spectra. Numbered Optimized (BP/SV(P) with the continuum solvent model for CH the pristine 4b ligand along with the corresponding absolute energies:
The atomic symbol followed by three Cartesian coordinates, in Å. Optimized (BP/SV(P) with the continuum solvent model for CH 2 Cl 2 ) geometries of 3a and 3b complexes and along with the corresponding absolute energies:
The atomic symbol followed by three Cartesian coordinates, in Å. 
